Aim: The Barcelona Clinic Liver Score (BCLC) currently limits hepatic resection only for small, solitary tumors measuring 2-3 cm with no signs of portal hypertension (PHT) or macrovascular invasion. The aim of this study was to show the benefit of surgical resection, and to compare the peri-operative and long-term outcomes between laparoscopic liver resection (LLR) and open liver resection (OLR) for hepatocellular carcinoma (HCC) classified as intermediate stage (B) under BCLC.
INTRODUCTION
Although incidence and mortality rates for cancer overall are declining, based on the 2017 National Comprehensive Cancer Network (NCCN) guidelines for hepatobiliary cancers, the incidence and mortality rates for liver cancer are increasing [1] . In particular, hepatocellular carcinoma (HCC) is the most common primary solid tumor in the world, and is ranked as the third leading cause of cancer-related death worldwide [2] . Several staging systems have been developed in order to guide the management decisions in patients with HCC; among those, the Barcelona Clinic Liver Cancer (BCLC) Classification system has been approved and widely accepted in clinical practice [3] . According to the BCLC algorithm, curative treatment [including surgical resection, radiofrequency ablation (RFA) and transplantation] is recommended only for very early or early-stage (stage 0-A) HCC, whereas palliative treatment is recommended for intermediate and advanced stage HCC (stage B-C) [3] . In this regard, BCLC indication for curative resection is markedly limited. However, recent studies have shown that surgical resection can provide good outcomes for both short and long-term, despite the presence of portal hypertension, multi-nodular disease, large nodules (> 3 cm), and those with macrovascular infiltration [4] . Particularly in the last decade, laparoscopic liver resection (LLR) may particularly be beneficial since it is less invasive, with significantly less post-operative complications, but with comparable oncologic outcomes to the open approach [5] . 
METHODS

Study design and patient selection
A retrospective review of the Electronic Medical Record database was done to identify all patients who underwent primary liver resection for HCC. From January 2004 to December 2013, a total of 1287 hepatectomies was performed at Seoul National University Bundang Hospital. Of these hepatectomies, 389 patients underwent liver resection for HCC. Among these patients, 49 patients staged as intermediate stage (BCLC B) were identified and selected. The study population included 2 comparable groups: OLR group composed of 21 patients, and the LLR group comprised of 28 patients.
Preoperative evaluation
A complete evaluation and surgical treatment for patients with HCC were discussed during multidisciplinary meetings. Liver function was evaluated using complete biochemical profiles and liver function tests, including indocyanine green (ICG) 15 tests. Results were expressed as percentage of ICG retained 15 min (ICG 15 ) after injection. Resectability was decided by a multidisciplinary team approach.
Liver volume measurement
Triple-phase computed tomography (CT) was routinely used for preoperative imaging evaluation. The axial images were then loaded to a computer workstation where the semimanual Rapidia software (Infinitt Co., Ltd., Seoul, Korea) was installed. Cross-sectional areas of the liver on each transverse-slice image were obtained by manual tracing of the liver contour using a cursor, with free-curves drawn by experienced surgeons. Liver parenchymal volume was then generated automatically by summation of all the manually calculated areas of successive transverse-slice images [6] . The minimal amount of sufficient future liver remnant of > 30% was mandatory before surgery [7] .
Surgical technique
All liver resections were performed by a specialist hepatobiliary surgeon proficient in laparoscopic and open liver surgery. In general, the approach to both OLR and LLR was similar. Major anatomical resection was preferred for larger tumors or where tumor was in proximity to major vascular structures, requiring formal anatomical resection, otherwise non-anatomical resection was performed when adequate margins could be achieved. Standard vascular staping devices were used for both OLR and LLR when required, and combination of ultrasonic dissection using cavitron ultrasonic surgical aspirator and harmonic scalpel was used for parenchymal transection. Glissonian approach and individual approach were used to isolate and resect the hilar structures.
Clinical outcomes
Patient demographics, including age, gender, body mass index (BMI), previous abdominal surgery, RFA ortranscatheter arterial chemoembolization (TACE), and Child-Turcott-Pugh classification were recorded. Peri-operative outcomes included intraoperative and post-operative complication rate, severity of complications based on Clavien-Dindo classification, type of hepatic resection, resection margin status, estimated blood loss, length of stay, total operative time (incision to closure time), and amount of transfusion. Histological analysis of resected HCC specimens was also assessed, including the Edmondson histological grade, PT staging, microvascular invasion, tumor number, and maximal tumor diameter.
Follow-up, survival and recurrence
After resection, patients were followed up 1 month after surgery, then every 3 months in the first 2 postoperative years and then at 6-month intervals for post-operative years 3 to 5, using serum α-feto-protein (AFP), with multi-phase contrast enhanced CT or magnetic resonance imagin (MRI), or Gadoxetate disodium (Gd-EOB-DTPA) enhanced MRI of the liver.
The OS was calculated from the day of surgery until the day of death or last contact. The recurrence-free survival of patients who recurred was defined as the time from the day of surgery to the day of imaging study that confirmed tumor recurrence.
Statistical analysis
Descriptive statistics were reported as a mean with standard deviation for continuous variables, and as a number and percentage for discrete variables. OS and recurrence-free survival were calculated by the Kaplan-Meier method and differences were compared by the log-rank test. Statistical significance was defined as P < 0.05. Statistical analysis was carried out using SPSS software (version 20; SPSS, Chicago, IL, USA).
RESULTS
Clinicopathologic characteristics of patients with BCLC stage B according to treatment group
Demographics and peri-operative outcomes according to treatment group are shown in Table 1 . Six out of 28 patients required conversion from a laparoscopic to open resection. There was no statistical difference between these groups in terms of age, gender, BMI, history of previous abdominal surgery, biochemistry profiles (albumin, bilirubin, prothrombin, AST and ALT levels, platelet), and preoperative AFP levels.
Majority of resections in the LLR group were minor resections (75.0% vs. 38.1%, P = 0.009). The LLR group had longer mean operation time (350 vs. 339 min, P = 0.066) and higher estimated blood loss (1707 vs. 1055 mL, P = 0.039). However, LLR group was able to achieve R0 resection in all resections, compared to 81.0% in the OLR group.
Histological findings
There were a greater proportion of cirrhotic patients in the LLR and OLR groups (67.9% vs. 42.9%, respectively, P = 0.080) [ Table 2 ]. Although the OLR group had significantly greater mean tumor diameter (P = 0.048), there was no significant difference between the number of tumors removed in both treatment groups (P = 0.074). There was also no statistically significant difference of resection margin, presence of microvascular invasion and Edmondson-Steiner grading between LLR and OLR groups (P = 0.649, 0.740 and 0.425 respectively). In the pathologic TNM stage, the T stage was different between two groups (P = 0.031).
Postoperative complications, hospital stay and recurrence As seen in Table 3 , the LLR group had a higher rate of intraoperative complications than the OLR group (17.9% vs. 14.3%; P = 0.738), but a lower rate of postoperative complications (14.3% vs. 33.3%; P = 0.114).
There was no significant difference in overall serious postoperative complications between the LLR and OLR groups.
Patients in the LLR group had a significantly shorter postoperative hospital stay (median = 9 days; range: 4-30) than the OLR group (median = 21 days; range: 7-147, P = 0.023).
In terms of recurrence, LLR had similar recurrence rates with OLR (78.6% vs. 71.4%, P = 0.565) during the follow-up of 63 ± 40 months and 48 ± 43 months in LLR and OLR respectively. For both LLR and OLR, majority of the recurrences were intrahepatic recurrences (77.3% vs. 93.3%, respectively). 
Overall survival and disease-free survival
The OS at 1, 3 and 5 years for LLR was 89.1%, 70.4% and 58.6%, respectively; and 76.2%, 55.9% and 43.5%, respectively for OLR. OS for both groups was similar (P = 0.583) and there was also no statistically significant difference in terms of DFS between the groups (P = 0.947). The 1-, 3-and 5-year DFS was 59.3%, 20.2% and 16.2% for the LLR group and 51.0%, 44.6% and 37.2% for OLR groups, respectively [ Figure 1 ].
DISCUSSION
HCC is widely endemic, with 80% of new cases worldwide expected to develop in Asia alone [8] . The management of HCC is complex, due to the presence of two disease processes: the primary malignancy and the underlying liver pathology that accompanies HCC. Thus a reliable management algorithm to guide therapeutic decisions in these patients is needed.
Currently, the BCLC classification system is one of the most widely recognized and approved staging systems for HCC, since it considers multiple factors such as tumor stage and function, patient's performance status, as well as cancer-related symptoms [9] . According to BCLC, intermediate stage (BCLC-B) patients are asymptomatic (PS score 0), with large multi-nodular tumors but without macrovascular invasion or extrahepatic spread [8] . The estimated 3-year survival for patients with untreated stage B HCC ranges from 8% to 50%; given the invasiveness of surgery, palliation with TACE is therefore recommended for these subset of patients [9] . However, TACE cannot induce complete tumor necrosis especially in large tumors, with reported response rates in literature as low as 2% [8, 10] . Liver resection, based on the BCLC system, is usually reserved for patients with small, single tumors, with absence of portal hypertension or hyperbilirubinemia [9] . Recent data has however, supported the benefit of surgical resection in terms of short-and long-term oncologic outcomes despite the presence of large, multinodular nodules and macrovascular invasion [4] . In a recent study done by Kim et al. [11] , overall median survival was higher in patients who received surgical resection compared to those who received nonsurgical therapy (50.9 vs. 22.1 months), with an overall 5-year survival of 63% in the resection group. This is in part due to recent advances in surgical devices and techniques and improved perioperative care, with some high-volume centers reporting surgical mortality rates as low as 0.8% [12] .
However, because of the underlying liver disease concomitant with HCC, patients undergoing open liver resection are still at a high risk of developing significant postoperative complications [2] . LLR, since its inception in 1993, is currently being considered as a feasible, safe and less invasive alternative to open surgery in the case of malignant hepatic tumors [13] . Particularly, the benefit of LLR is more pronounced in this population of cirrhotic patients, despite initial studies that considered it a contraindication. The minimally invasiveness of LLR may decrease the risk of peri-operative complications and mortality [9] , as evidenced by our present study wherein the LLR group was associated with a lower rate of post-operative complications. In terms of mortality, there was no observed 90-day post-operative mortality in both the LLR and OLR groups. Previous studies have shown longer operative times for laparoscopic surgery [13] , and this is also consistent with our study because most of the cases included were done during the early phase of LLR.
Adequacy of resection margin, which was initially a limitation for laparoscopic surgery due to the inability of direct palpation of tumor, has been overcome by the use of intraoperative Doppler ultrasonography, and has greatly facilitated the achievement of good oncologic outcomes. Indeed as shown in our present study, tumor-free margins on pathological examination were similar between the LLR and OLR group, and this is consistent with results of previous studies [13] .
The high propensity of HCC for recurrence after resection is well-documented, with reported recurrence rates ranging from 70% to 100%; among several factors, number of tumors was noted to be the most significant predictor. Indeed, previous data have shown that the 5-year DFS rates after surgical resection for multiple HCCs ranges from 0 to 26% [12] . This is consistent with our present study, which revealed comparable 5-year DFS rates for both the LLR and OLR group at 16.2% and 37.2%, respectively, despite the presence of multiple tumors for both treatment groups. Also, our study showed that liver resection was associated with 5-year OS rates of almost 60% for the LLR group and 44% for the OLR group, despite the presence of multiple, large tumors.
One of the major limitations of this study is its retrospective nature and small sample size with difference in basic characteristics in both groups. However, our 5-year OS rate of 60% and 44% for LLR and OLR, respectively, is satisfactory, and may justify the expansion of indications for surgical resection in the case of multiple, large HCC, if the liver functions remains at Child-Pugh class A.
In conclusion, this retrospective study demonstrates that LLR and OLR have comparable OS and DFS rates for BCLC-B HCC patients with multiple or large tumors. Particularly, decreased postoperative complications and shorter hospital stay, with successful achievement of adequate resection margins, was observed in the LLR group. It was demonstrated that good oncologic and perioperative outcomes can be achieved with LLR for HCC.
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